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Abstract
This article reviews the conditions of heavy metal contamination of China’s soils. The article starts with a dis-
cussion of the official environmental standards of soils in China, in terms of heavy metal contamination, and 
the extent of that contamination. Then, the article discusses the geographic distribution of soil contamination, 
and the food safety impact. The problem in China is that the provinces with the highest rates of soil contami-
nation are also provinces with the largest amount of food production. This results in high contamination of 
food, with 13.86 % of grain produced in China being affected by heavy metal contamination. Hunan Province 
represents the worst conditions: it is responsible for 32.1 % of China’s cadmium (Cd) emissions, 20.6 % of its 
arsenic (As) emissions, 58.7 % of its mercury (Hg) emissions, and 24.6 % of its lead (Pb) emissions. While Hu-
nan Province produces about 15 % of the total rice output of the country, according to official data, 13 % of 
the total area of the province has been contaminated with waste and heavy metals from mines. In many areas, 
especially those closer to mines, the agricultural production exceeds the official food safety standards.
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Zusammenfassung
Dieser Beitrag analysiert die Schwermetallkontamination von Böden in China. Es werden die offiziellen Boden-Umweltstandards Chinas sowie das Ausmaß und die Auswirkungen von Schwermetallkontaminationen auf die 
Lebensmittelproduktion Chinas diskutiert. Als Problem zeigt sich, dass die Provinzen, die den stärksten Bo-
denkontaminierungsgrad aufweisen, gleichzeitig die Provinzen mit der höchsten Lebensmittelproduktion sind. 
So sind z. B. 13,86 % des in China produzierten Weizens mit Schwermetallen kontaminiert. Eine besondere 
Rolle kommt hierbei der Provinz Hunan zu: Sie ist für 32,1 % der Cadmium-Emissionen (Cd) Chinas verant-
wortlich sowie für 20,6 % der Arsen-Emissionen (As), 58,7 % der Quecksilber-Emissionen (Hg) und 24,6 % der 
Blei-Emissionen (Pb). Rund 15 % der Reisproduktion Chinas findet in der Provinz Hunan statt. Allerdings sind 
offiziellen Daten zufolge 13 % der Böden Hunans mit vorrangig aus dem Bergbau stammenden Schwermetallen 
kontaminiert. In vielen Bergbau nahen Gebieten wird eine Agrarproduktion trotz des Überschreitens offizieller 
Umweltstandards durchgeführt.
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1. IntroductionThe problem and the extent of soil pollution and con-tamination are not well known in China. People do 
know that not all the food they eat is healthy, but they 
do not know the scale of the problem. Indeed, until 
very recently, little was known of the true extent of soil 
contamination in China, since the government has con-sistently refused to make comprehensive soil contami-
nation data public (Hsu 2014). In 2013, Beijing’s lawyer 
Dong Zhengwei requested soil pollution data from the 
Ministry of Environmental Protection, including in-formation on the causes and methods for dealing with the problem. The request was declined on the grounds 
that the data was a ‘state secret’. Nevertheless, at the 
end of 2013, the government released limited informa-
tion on soil pollution, partly because of the strong pub-lic reaction against that refusal. Despite the lack of de-
tails, the released data caused widespread concern (He 
2014a). In April 2014, the government issued a more 
comprehensive report about the country’s soils (He 
2014b). The report showed that 16.1 % of the soil sam-
ples (19.4 % for agricultural soils) were contaminated 
with organic and chemical contaminants, as well as 
heavy metals and metalloids such as lead, cadmium, 
and arsenic (Zhao et al. 2014). Chinese officials say that 
an area the size of Taiwan is so polluted that farming 
should not be allowed there at all (Wong 2014).Contamination of soils differs from water or air pol-lution in that it is usually not visible and can easily go 
undetected, as it may take years from the beginning of contamination to the appearance of harmful effects. 
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Moreover, soil contamination accumulates over time, and diffuses or dilutes much slower than water or air 
pollutants (Zhang 2014).
Heavy metal contamination of soils is a major con-
tributor to poor soil health. Heavy metals in the soil 
are toxic for all living things, from microorganisms to 
plants and animals, and their removal from the soil is a cumbersome process. These toxins disturb and alter 
both natural and manmade ecosystems, and may cause terminal diseases when transported to humans via 
the food web (Wang et al. 2001). Table 1 lists the most 
common heavy metals found in Chinese soils, common 
items that may contain these substances, some of their 
sources, and the conditions associated with exposure 
to them. Almost all of these contaminants are the by-
products of industrial activities, mining operations, 
coal burning, or are emitted into the air with the ex-
haust fumes of vehicles (Hornby 2015).The aim of this paper is to give a broad introduction of the conditions of heavy metal soil contamination 
in China, through a discussion of the standards devel-oped to classify the levels and types of contaminated 
soils, the extent and geographic distribution of the 
main contaminants, and the impact of soil contamina-
tion on people’s diet and health through the ingestion of contaminated grains. Soil contamination is a very 
important problem in China, and this paper should help the reader to better understand the extent of the 
problem, and the urgency and difficulties in address-ing it.
Heavy metals Used in Produced by Condition
Cadmium (Cd)
Nickel (Ni)
Arsenic (As)
Copper (Cu)
Mercury (Hg)
Lead (Pb)
Chromium (Cr)
Zinc (Zn)
Painful joint swelling and 
bone deformities
Rashes and lung damage
Withers crops and causes cancer
Diarrhea and nausea
Fatigue, physical deformities and 
mental illnesses
Learning disabilities and 
stomach pains
Hexavalent chromium is toxic
Anemia and damage the pancreas 
and kidneys
Coal and zinc mining and 
phosphate fertilizers
Burning oil and coal Mining waste
Dust from mining and smelting 
and leaches from agricultural use
Coal combustion and mining waste
Coal burning, coal and metals 
mining and smelting
Waste from tanning
Mining and smelting waste 
and coal burning
Pigments and batteries
Stainless steel and alloys
Gold mining, wood treatment, 
animal feed and poisons
Wiring, pipes and alloys
Fluorescent bulbs, chemicals, 
coal burning and gold production
Batteries, paint, and solder
Stainless steel and alloys
Galvanized steel and alloys
Table 1 The uses, sources, and potential damages of heavy metals. Source: adopted from Hornby (2015)
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2. Standards and extent of heavy metal contam-
ination of soils
In 1995, the Ministry of Environmental Protection 
(MEP 1995) of China introduced the Environmental 
Quality Standard for Soils guidelines to inform about the acceptable concentrations of soil contaminants 
and contamination measurement techniques (Zhang 
et al. 2015). The standard values, put into effect on 1 
March 1996, were divided into three classes, used for 
different soil functions (see Table 2) (MEP 1995):
- Class 1 values represent the natural background. 
This standard is used for nature reserves (except for the places with high Soil Environmental Back-
ground Value, meaning soils with naturally high 
proportions of heavy metals), centralized potable 
water sources, and some other soils requiring pro-tection.
- Class 2 lands may be devoted to agriculture, since their level of pollution is considered safe for the 
production of food. For Class 2 soils, a distinction is made depending on the acidity or alkalinity of the 
soils, splitting the soils into three categories: soils 
with a pH value ≤ 6.5, soils with a pH value between 
6.5 and 7.5, and soils with a pH value > 7.5, because 
different pH environments influence the effects of the contaminants. These lands may be used as crop-lands or pasturelands. If the heavy metal concentra-
tions of a soil exceed the maximum values defined in 
Class 2, it is rated as too contaminated for growing grains for consumption.  
- Class 3 land cannot be used for farming. Lands with such high levels of heavy metal contamination may 
be found near factories and mines, but in some cases such high levels of heavy metals may also be natural 
Table 2 Official Soil Environmental Standards in China (mg/kg). Source: adopted from MEP (1995)
(MEP 1995). If the concentrations are higher than 
the values in Class 3, the plants stop growing and probably die.
In April 2014, the Ministry of Environmental Protec-
tion (MEP) and the Ministry of Land and Resources 
(MLR) of China published a collaborative evaluation 
of the conditions of the country’s soils. This was the 
first time that the government carried out an assess-
ment of the country’s soil contamination and released 
it to the public (MEP 2014). The evaluation built on in-
depth analyzes of soils carried out between 2005 and 
2013, sampling soils from over 70 % of the country’s 
land area. Compared to a previous small-scale sur-
vey conducted during the 1980s (referred to in Zhang 
2014), the data indicate a significant increase in heavy metal contaminants in surface soils. Of all the samples 
analyzed, 16.1 % of the soil examined was found to be 
contaminated with heavy metals such as Cd, As, Pb, 
and Hg. Farmlands were proportionally the most con-
taminated land: 19.4 % of the land used for agricul-tural activities was contaminated with heavy metals 
(Table 3). Assuming that the contaminated areas are 
proportional to the number of surveyed samples, this means that about 26 million ha were contaminated. 
The Vice Minister, Wang Shiyuan, acknowledged that 
an additional area of 3.31 million hectares of agricul-
tural land was contaminated to a smaller degree (He 
2014a). In addition, another 3.2 million hectares were found to be so contaminated that agricultural prac-
tices should be banned there (Wong 2014). Unfortu-
nately, although this soil quality report represented 
an important step towards the country’s openness 
regarding contamination, it failed to shed light on 
crucial details and did not offer solutions to China’s 
contamination problems (Bale 2014).
Heavy metals
Class 2 Class 3
Cadmium (Cd)
Arsenic (As)
Mercury (Hg)
Copper (Cu)
Lead (Pb)
Chromium (Cr)
Zinc (Zn)
Nickel (Ni)
≤
Paddy ield ≤
Dryland ≤
≤
Cropland ≤
Orchard ≤
≤
Paddy ield ≤
Dryland ≤
≤
≤
Class 1 
(natural 
background)
0.2
15
15
0.15
35
-
35
90
90
100
40
1.0
30
40
1.5
400
400
500
400
300
500
200
0.3
30
40
0.3
50
150
250
250
150
200
40
pH < 6.5
0.3
25
30
0.5
100
200
300
300
200
250
50
pH 6.5–7.5
0.6
20
25
1.0
100
200
350
350
250
300
60
pH > 7.5 pH > 6.5
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Ecosystem type Degrees of exceedance in these area (in %)
Nation-wide
Farmland
Woodland
Grassland
Unused
16.1
19.4
10.0
10.4
11.4
% of land 
contaminated
11.2
13.7
5.9
7.6
8.4
Slight (1)
2.3
2.8
1.6
1.2
1.1
Light (2)
1.5
1.8
1.2
0.9
0.9
Moderate (3)
1.1
1.1
1.3
0.7
1.0
Severe (4)
Table 3 Degrees of soil contamination according to ecosystem types. Source: adopted from MEP (2014)
Notes: The degree of soil contamination in this table is divided into four levels, based on the Class 2 quality standards of Table 2: 
Slight (1): exceeds Class 2 quality standards less than 2 times; Light (2): exceeds Class 2 quality standards between 2 and 3 
times; Moderate (3): exceeds Class 2 quality standards between 3 and 5 times; Severe (4) exceeds Class 2 quality standards over 
5 times. Soil that does not exceed Class 2 quality standards are not contaminated (MEP 2014).
3. Geographic distribution of soil contamina-
tionSoil contamination in China tends to be locally differ-ent. Soil contamination is more severe in the south 
than the north, particularly in the Yangtze River 
Delta, Pearl River Delta and the traditional industrial 
base in south-east China (Xinhua News Agency 2014) 
(Fig. 1), with the main contaminants being Cd, Ni, Hg, 
and As. However, the increase in Cd contents has af-
fected soils all over the country, with a 50 % rise in 
the coastal and south-eastern regions, and a 10 % to 
40 % rise in the north-eastern, and western areas of 
China (Zhang 2014). Zhao et al. (2014) further point 
out that lands in some regions, especially those close 
to mines and industries, have been suffering particu-
larly badly from severe contamination, and the qual-ity of soils dedicated to growing crops should be given particular attention.
Fig. 1 Distribution of environmental quality class of As, Cd, Cr, Hg, and Pb in soils. Note: See Table 4 for the data for Classes 1-5 in 
the figure; white areas: soil quality unknown. Source: adopted from Yang et al. (2014: 129)
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A number of scholars, apart from the Ministry of En-
vironmental Protection (MEP), have attempted to es-timate the degree and distribution of soil contamina-tion in China. One of the most comprehensive studies was carried out by Yang et al. (2014), who used the standards illustrated in Table 2, but included only As, 
Cr, Cd, Hg, and Pb because they were the most com-mon. Based on the standards presented in Table 2, 
Yang et al. (2014) defined new soil classes (Table 4), and adopted the veto method to assess the level of contaminants in each soil sample. The environmental quality class of each soil sample is determined by the lowest environmental quality class of its individual 
chemical elements. For example, if the environmental 
quality classifications for As, Cr, Cd, Hg, and Pb of one 
soil sample are classes 4, 2, 3, 2, and 2, respectively, then the environmental quality class of that soil sam-
ple is 4. 
Table 4 Classification and definitions of soil pollution levels used by Yang et al. (2014), based on the standards illustrated in 
Table 2. Source: adopted from Yang et al. (2014: 124)
Class Level of pollution
1. Clean
2. Relatively clean
3. Normal
4. Polluted
5. Moderately to heavily polluted
Less than the standard for type 1
Between the standards for types 1 and 2
Between the standards for types 2 and 3
Greater than the standard for type 3 and less than twice the standard for type 3
Greater than twice the standard for type 3
According to Yang et al. (2014), there are different reasons for the anomalous enrichment of harmful chemicals in the soil in different areas. In densely pop-
ulated cities and developed mining areas, such as the 
Changsha-Zhuzhou-Xiangtan area in Hunan Province, 
the areas around the cities of Shenyang and Huludao 
in Liaoning Province, and Baiyin city in Gansu Prov-
ince, high contents of harmful heavy metals, such as 
As and Cd, in the soil are primarily caused by human 
activities. However, Yang et al. (2014) found that most 
of these areas are urban, industrial, or mining lands 
rather than agricultural lands. In essence, they found 
that in most cases, heavy metals and pollutants do not 
have a significant effect on food security. However, 
they excluded visibly polluted areas, which biased the 
findings and made these conclusions somewhat ques-
tionable (Yang et al. 2014).
Indeed, other researchers obtained contrasting re-sults to those found by Yang et al. (2014). For example, 
Zhang et al. (2015) carried out a meta-analysis of the 
contamination rate of heavy metals in topsoil (0-20 
or 0-15 cm) of farmland throughout China, and found that the total contamination rate in Chinese farmland 
soil was 10.18 %, mainly from Cd, Hg, Cu, and Ni. Cd 
had the highest contamination rate of 7.75 %, fol-
lowed by Hg, Cu, Ni and Zn; Pb and Cr had the low-
est contamination rates, lower than 1 %. At the pro-
vincial level, the contamination rate of farmland soil by heavy metals is described by Zhang et al. (2015). 
Tianjin had the highest contamination rates, exceed-
ing 70 %. Hunan Province, Guizhou Province, Guangxi 
Zhuang Autonomous region, and Guangdong Prov-
ince had contamination rates of 56, 39, 36 and 31 % 
respectively, because of the large amount of mining 
and smelting activities, and chemical manufacturing 
plants, in these provinces. The contamination ratio by 
heavy metal in Sichuan, Hubei Province, ranged from 
20 to 30 %.
Particularly problematic is the situation in Hunan 
Province. Hunan Province is home to 1,003 nonfer-
rous metal enterprises which, in 2011, were respon-sible for a production output of 2.66 million tons of 
ten different metals, a business worth $60 billion (He 
2014c). The government has been trying to control the 
harmful emissions for many years. However, in Janu-
ary 2016, an official of the Non-Ferrous Metals Man-
agement Bureau of Hunan Province acknowledged 
that the Xiang River basin (in Hunan Province) had al-
most 1,000 tailings and sludge disposal sites, produc-
ing 440 million tons of solid waste polluted with Pb, 
Hg, and Cd (He 2014c). Hunan Province was respon-
sible for 32.1 % of China’s Cd emissions, 20.6 % of its 
As emissions, 58.7 % of its Hg emissions, and 24.6 % 
of its Pb emissions. According to official data, 13 % of 
the total area of Hunan Province, about 11,000 square 
miles, has been contaminated with waste and heavy 
metals from mines (He 2014c).
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4. Soil contamination and food safety
Zhang et al. (2015) describe the proportion of affected 
grain production in each province, and relate it to the total grain production in China. Combing the crop pro-
duction and the heavy metal pollution ratios in the 32 
provinces, Zhang et al. (2015) conclude that 13.86 % of the grain production was affected by heavy metal contamination. This amount was higher than the 
contamination rate of arable soil (10.18 %), because 
most contaminated soil is in southern China, in prov-inces with large grain production. Zhang et al. (2015) 
specify that while 13.86 % of the grain produced was 
affected by heavy metal contamination, it does not mean that this amount was polluted by heavy metal. The value might simply refer to a decrease of the qual-ity or quantity of grain production due to heavy metal contamination.Contaminated land ends up producing contaminated 
grains. Hunan Province is also an important producer 
of rice, growing approximately 30 million tons annu-
ally, or about 15 % of the total rice output of the coun-try. Due to its importance as a source of rice and the 
high heavy metal contamination, it is not surprising that much research has been done in this province. 
For example, Song et al. (2015) looked at the soil heavy metal contamination and the potential risk for resi-
dents of Suxian County of Hunan Province. They found that mining activities have caused local agricultural 
soil contamination with As, Pb, Cu and Cd in the rang-
es of 8.47-341.33 mg kg−1, 19.91-837.52 mg kg−1, 8.41-
148.73 mg kg−1, and 0.35-6.47 mg kg−1, respectively, 
well above the official soil standards (cf. Table 2), in particular for As and Cd.Contamination tends to be particularly high near min-
ing activities, and to quickly diminish with increasing distance from the contamination sources. Research-ers determined that the dietary exposure to Cd for 
people living in close proximity to mines significantly 
exceeded the tolerable daily intake level, and rice was 
identified as the primary source. A connection be-
tween prolonged exposure to Cd and kidney disease, 
osteoporosis, and increased cancer mortality rates 
has been found (Table 1). Besides Cd, the high levels of toxic Pb and As found in rice are also a cause for con-cern. An analysis of rice grown near the mining sites 
in Hunan Province determined that 65, 50, and 34 % 
of the samples exceeded the Chinese limits for Cd, As, 
and Pb concentration in food, respectively (Zhao et al. 
2014).
For example, a study of the rice grain quality of a coun-
ty in the Xiangjiang River basin in Hunan Province 
revealed that 60 % of the rice samples exceeded the 
food safety standard of China of 0.2 mg Cd kg−1, and 
11 % contained over 1.0 mg Cd kg−1 (Zhao et al. 2014). 
Similarly, Song et al.’s (2015) survey of Suxian County 
of Hunan Province found that the concentrations of Cd 
in rice was of up to 1.39 mg kg−1, while the concen-trations of As, Pb and Cu in rice were in the ranges of 
0.02-1.48 mg kg−1, 0.66-5.78 mg kg−1, and 0.09-6.75 mg kg−1, respectively. In Guangdong Province, Zuang et al. 
(2009) found broadly similar values for agricultural product contamination near the Dabaoshan mine. 
The highest values, found closer to the contamination 
sources, exceed considerably the maximum permissi-
ble levels for contaminants in foods in China (Table 2).
Nationwide, market basket studies examining the coun-
try-level contamination of rice grain concluded that 
between 2 and 13 % of the samples exceeded the offi-cial food safety standard limits. According to Zhao et al. 
(2014), “Cd intake from rice alone with a Cd concentra-
tion of 0.2 mg kg−1 would amount to 0.73 and 1.01 μg kg−1 body weight day−1 for the national average (for adults of 
65 kg body weight); [exceeding] the FAO/ WHO tolerable 
daily intake (TDI) of 0.83 μg kg−1 body weight day−1” 
(ibid.: 753).
5. Conclusion
Soil, like air and water, is the source of all life on earth, 
and the major source of food for humans and animals. It 
is a vital resource, which supports the existence, securi-
ty, prosperity, and sustainable development of a country. 
If the soil becomes contaminated, there is potentially great loss to people.
As discussed in this article, China suffers from a great 
deal of soil contamination, including of agricultural land. 
Heavy metal contamination is particularly important close to mining and petrochemical industries. In some 
regions, such as in Tianjin, soil contamination does not 
have a great impact on food production, because there is 
less agriculture. However, some regions (such as Hunan 
Province) have both a large number of contaminating in-dustries and a large amount of food produced.
Soil contamination is difficult to tackle. First, it is diffi-
cult to monitor and easy to ignore, since it is usually not visible. Farmers would normally not be aware of the ex-tent of contamination of their land.
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Second, it is caused by the economic activities that lo-cal governments encourage in their region. The man-
ufacturing, coal burning, mining and petrochemical sectors are important sectors of the Chinese economy. These industries provide local governments with the 
taxation incomes they need to function, and employ many more people than the number of farmers nega-
tively affected by soil contamination. For this reason, 
local governments are reluctant to curtail them, or 
control the pollutants emitted, as the increasing costs would drive away these industries to regions with 
less strict rules (Delang 2017).
Third, it is expensive and time consuming to remove 
the contaminants, which in the present climate of a 
slowing economy is difficult to implement or justify. Soil contamination reduces the total amount of pro-
ductive farmland available in China, and much of the contaminated land is in regions where the soil is high-
ly productive (UN News Centre 2010). However, it is cheaper to lease land in other countries than to clean 
it up at home, hence China’s push to lease agricultural 
land in Europe (van der Ploeg et al. 2015), Asia (Visser and Spoor 2011), South America (Puyana and Costanti-
no 2015; Oliveira 2018), and Africa (Brautigam 2015).The Chinese government is making efforts to address 
soil contamination. For a start, it has finally (through 
the nationwide survey of 2014) been willing to ac-knowledge that there is a problem. This is an impor-
tant first step. In addition, the government is slowly 
transitioning towards a cleaner economy, for exam-ple gradually shifting from coal to renewable energy. 
Nevertheless, changes are slow. People still expect 
economic growth, and the government is pressed to 
provide it, to foster social stability and guarantee its survival. It is unlikely that soil contamination will de-crease any time soon.
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